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(57) Abstract . 

An apparatus useful to treat exhaust gas stream, including diesel ^JSttS££^SS^ 
a catalyzed'fiTter in communication with the exhaust outlet. The filter ^npri^ ^ fire ^^™^ munication with the 

eroup metal; a first cerium component; and preferably a zirconium component. There can be second cata y 

first catalyst, the second catalyst comprises a second cerium component, j 
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^CKGEQUND OF THK TNVflNTION 

n f The Tnvpntion 

This invention relates to an apparatus comprising a catalytic 
eiement in communication with a catalyzed filter — • 

the catalyzed filter element. 

p.ry^rou ^ and Related ftrt 

As is well-known. gas-borne streams from industrial processes 
or engine exhausts o £ ten contain oxidise poll — ^ 

is — 

,» m »l and unburned hydrocarbons ( HC ) , tmt 
0 carbon monoxide ( CO ) and uno comprise 

sometimes referred to as a volatile organic fr ction V 
which terminology will be used herein, or a 9 

heterogeneous material, comprising ga seous Irguld a „d 

- - 1^ trx . - T - : rr„ 

dispersed on a refractory metal oxide support are known for use in 
bating the exhaust of diesel eng.es £ ^order t convert^ « 

35 —ii: : s r=r:;::i:"ants „ 
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and „ ater . 0ne problem faced . n 

exhaust i. presented by tne ptesence of ^ ^ 

Opon sulfur foa! sulfur dioxlde the - d _; 

catalyst catalyze, the so, to sq ,»sulf ates") with subseouent 

t" ircr r n - and th - by * m «- — - — - : 
. j;rri;rj e ::r- r v r;r: na r ppo " s to 

catalysts inactive. In this ^XlT^llZTZT^l 
- urn „ 1. l ine 39 et seg. Previous att(!Kpts ^ ^ 

: :°:err t bl T inciudc the °< ^ ~. ~ 

dilate resistant materials such as vanadium oxide into the 

7zt::T g - or the use ° f aiter — ~ -e r ;ais° s : 

^/aro^Intta^s'' ~ ' — » 

~- - — :Latir^;; 

compos.tions includin, a catalytic material containing cell 
alumrna each having a surface area o f at least ahout 10 mV r 

c»t 1 ; optionally, platinum may be included in the 

catalytrc material in amounts which are sufficient to promote g as 
phase oxidation ~r ™ .._ . Promote gas 



— —-«-« sumcient to p 

Phase oxidation o, CO and He but which are limited to preclude 
excess oxidation of so, to so,. Alternatively, pal lad urn ' 

catalyst ^ in=1Uded ^ ^ «t»*-a. The 

catalyst composrtrons are disclosed to have utility as oxidation 
catalysts f or pollution abatement of exhaust gases contain „! 

t:z\t:\:t:- For e ™- the tLpos^tr: 

used rn a method to treat diesel engine exhaust by contacting 

otu?o„ ex o7 st thi ith voL h :iir iyst *• ™ - 

directed to an oxidation catalyst with bulk ceria and 

a s' a pa r n r N SiliCa ^ a " al - i -— are disclosures, ch 
- US Patent Nos . 4,714,694 and 5,057,483 disclosing a variety 
of catalyst compositions which include ceria in bulk foL T 
stabilized ceria a „H • uik for *W alumina 

d Ceria and ce ^^-zirconia components. 



The 
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5 the evaluation of diesex i> 

m ining bV A. ««.«. •* £ „ . pro c.ss £=r tr.at*,.nt 

O.S. Patent No. 4.902,487 ^ passed 

of dl . Ml exhaust gases t.refrom before discharge 

through a filter to remove partxcula conbusted . In this 

„ ana particulate aeposited on the f « ^ ^ ^ 

up^of^r re 

^r-JorJproauoe NO, in a - — 

15 stream which contains NO aba tem.nt of gas streams 

A common method of *° UUtl °" th e £o rm of multr- 

involv.s the us. of a catalytic artrcl , ^ 
channel flow through structu res Such at ^ ^ ^ o£ 

channel honeycomb ^-^^ containing composition. The 
20 metal. ceramic or a extrusion, calendaring or 

honeycomb, for example, can »e made hV ^ ^ 

corrugation. The catalyst can be on th ^ Ho 

or pert o f th. ~«-^££> — - — 9en oxid :; 

4 , 157 ,375 disclos.s zeolite cat V s , n the form of 

25 iD exhaust gases conduct.d ^ channels are d.fin.d by 

reu iti-chann.l structures m which paral 

thi- -lis mad. up of ^^ ^fr™ ° £ Cha,mel 

.herein and access ibl. to drf us on^r parallel 
•11.. The reaction rat. £ ° J^ Jf^ catalyti c r.actions rs 
" r.„ t rr\^Vrrrs transfer and Pore diffusion 

— ottr method of -o^^^^LT^ 
filtering of particulate material rem - ^ ^ _ q£ 

33 using a catalyzed filter. many refer ^ ^ ^ „ 

U ellflow filters which comprise «t-*^ ^ . A common 
£il ter and bum * f ■ structure having the 

construction is a ^am and downstream sides of 

ends of alternate channel on th. up ^ ty p. 

4 „ th. honeycomb structur. plugg.d. This 
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«« to enter the ope „ « ™«.t end. This permits 

ana , xlt through : h r ; han rr n ; is ' fiou thr ° ush °» ~~ 

» The gas to b e treated p ass : s t t 7 h S ^ <*« *-nstrea„ end,, 
the open upstrean end of ch , C " alytiC "'""ore through 
* - plugged downetreeV^r/l 15 ^"- 
P«a»ure forces the gas th °' the — channel. The , as 

channels closed at the upstream end 7 StrUCtUral "alls into 

~t of the exheust „s stre aa J 

catalysts «.ri„ tt J " structures have 

t"a Particles. Iypical p,"!"^ ^ cation of 

structures include „ s P ent » -'"closang such cstalytic 

» «.3«0.«.„ 9 , 364 , 160; ^ 3,904.551; 4,329,162; 

4,563,414. '.403,008; 4,519, 820; 4,559,193 and 
°f interest is u <? d 

^ ' i- *ich the s„ b st a r a re h N °" 3 ' 9 ° 4 ' 551 "■■*<«■ • 

disclosed i„ „.3. Patent No ^ • catalyst costing. lt ls 

20 =«" he pl aced on ^ ; 329 " that . catalytic 

facilitate regeneration combusting I hone »=«* structure to 
»■»• -tent „o. 4.559, 19 3 rtogntes th^a^ f ^ " 
can carry cstalysts. o.s Patent „ " """ycomb body 

*ere honeys are used for f iT t 4,340,403 dlSCl ° S " th " 

» noneyco^ substrate carrying ci tai^s T* Sh ° Ul " 3 

carbon monoxide, hydrocarbon, ! d °»nstrea m for removal of 

""or used upst^ °" * „ed aTT" >— > 
matter to prevent clogging of the T " lteiin9 P «ticulate 
temove the gaseous pollutant s^l T ^ h °" eYC °" b to 
' ""closes the use of an ^streT <' 3 "-™° 
=an burn the fi„ e particles into 12"" ^"'^ ""ion 
"hich can be treated by , separate th """"^ ^ '*««»- 
Patent disclosing 1^^^^,"^ "~ '" »* 
Partrculate traps include „ g £llt "s useful as di.sel 

«.««.1.0, 4. 55,. 962; 4,5,6.,% r""!'- 4 ' 4 "- 8 "'- «.«7.7-. f 

»-S. Patent Mo. 4 510 265 „ 4 - 759 .^2. 
aahaust particulate filter which ""^ ' """Waning diesel 

— - - is" ;;: 
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rolled honeycombs (monoliths) or 
di sclosed to include * ga ses pass 

£ormed structures throu, . * ch t „ be „ ade 

minimum pressure drop. Userul ^ fr ceraB i„. glasses, 

5 metals, cements, resins 

£abr ics and cognations «^ describes a cataXyred diesel 
„.,. Patent Ho. 5. 100, * ^ renoving de posits from 

exhaust particulate filter and a met passing 
th e exhsust g.s of a '^-^ £ilt « ha ving porous walls 

„ th e exheust geses through a « tal * , mil!tute of a platinum 

Where the walls have thereon as a cataly ^ 
gr oup metal and an ^^^^ tm a t which ignition of 
described a s serving to lower the «^ £Uter ela ment was 

coUected particulate matter £he catal y,ed filter. 

„ found to result in partrcl burn off ^ 

additionally, gaseous -""^J^ no £il ter. The results 
recorded with the catalyzed frlter ^ ^ ^ 

showed that the catalysed Bonoltld e versus 5 parts 

t esulte d in 113 parts per mUlron Total 
20 per million carbon monoxxde £or : ^ wi£h a 

Uocarbons with no "iter were J ^ £rom «„ parts 

£ilter were 41 parts per Mith . catalyzed filter, 

per million with no filter to 326 ^ par ^ ^ „ , 03 

T otal OO. went from 460 parts per mrll ^ ^ „„ t 

25 p aI ts per million ' r ts with a catalyzed filter- 

£rom ,3 parts with no frlter P cataly „d particulate 

It ua s observed that the presence of _ 
filter in the exhaust "stem of a ^ ^ syste „. 

positive effect on f^*^ t „ e treaM ent of diese 

Japanese Koxer 3-130S22 d 
oxheust gases cbaracterrre. by - =atalyst uithi „ the 

porous ceramic filter havrn a denr ^ ^ ^ engl „ e 

pores. The filter is ^ lls „ an upstream fine pore 

exhaust. The ceramic porous ^ ^ c par ticle layer on 

35 pa rh layer, and a downstre- « ^ £ . ne layer can 

„ hich tha denitratron ^ hyd rocarbon combustron 

support a Platinum or palladrum or : ^ £lous 

call.st. The diese! exhaust ,a ntern . g ^ _ 
tnrough the porous ceramic frit ^ ^ o „ ides and 

40 filtered onto the surface. 
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and water. The oxidation catalvl t0 nit ^en 

Patent No. 4,404 007 i s 
structure wherein there ^ pl J^"J° * """"" «»»«y— » 

°-S. Patent »o. 5,114 581 < V ^ St ™=ture body, 

filtration device. T he device f """" '° " ba <*-«"a"able 

the .onolith ere aiternl " D i" P ^ - 

end. or the .onoiith the" ! or ' °" "* °» ««.t 

through the pMs : g h ;3 ™^ • ««« P*ss ag e or feed 
»icroporou, « raM of J a „ ^ *° «» outlet end. A 

" Pore si 2 e of the „ onolith a :^ e °" US ~» — »»« then the »ean 

— - patents. ir 8 r v r h the surface ° r th = 

"-pert o, 0.5. Patent No 5 ; a ' ,M ; rs . continuation- 

filtration device for separatin '° ' "talytic 

"Itrete a „d particuratecon Pa " 1CUl "e *«« *toc k i nto . 
» "Nation devL Jl^T^' ^ " tal ^ 

factions which ma y be ca "ly 2 ° d 3 «" Ph *" "-"on. 

°f nitron, the JLtiT£^~~ """^ °' °* id « 
voletiie orgenic vnpors . """^ the nidation of 

The present invention relates to ,„ 
aiethod for oxidiring oxidizable , Status and related 

- for treatinn^r—^hlr"-^ — ' 

=ata ly2 ed ^TJT^J^Z " T~ — ■ 
the first catalyst co mp risI g a fir st T**" ' C " a1 ^- 
"»t cerium opponent. 'here " " ^ 9r ° UP - • 

communication with the first ► \ * " C °" d catal ' s t in 

-prises a second ceriu,::;;:jrt;; at a h ; 7~" 
any suitable filter substrate For 7 can be 

the filter is conmon referred to * ""^ ""^ *• 
Preferred soot filter JLi * fUt «. With a 

-e second -eycomb substrate . 

honeycomb substrate. Preferab1 ' "PPorted on a flow through 
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, 0 f fPC tive with regard to 
Th e apparatus is P^cul-Xy ; £ h r e]ihaust streams, 
reducing the tota! P""^^, stre ams . The carbonaceous 
particularly diesel engrne engine exhaust is, as is 

particulates ,-soot") component o di Q „ e coln ponent is 
«^~- - «~ ~. P and the other, usually 

relatively dry carbonaceous ,„ vor ., als o referred 

referred to as a volatile organic fractr _ of ^ 

„ as a soluble organic rractron S°F , ^ 
Ml ecuiar »ei,ht hydrocarhons co r ^ 

burned diesel fuel and l^txM^ as either a vapor phase 
taction is present in »n the temperature of the 

ot . liouid phase, or hoth, **P™ J parti culates discharged so 
exhaust, in order to reduce the ««J_ re , ulati ons concernmg 
astt » eelpI -»t^*"^ teSi the volatile organrc 
, maximum allowable total is oxid ired to innocuous 

paction, or at least a portion th „„ catalyst under 

CO, and to by being contacted -rth ^ Battar can 

citable reaction «^"»\ ^J. „ soot filter can be 
additicnany be filtered en a soot f l a5 

,. catalyzed to enable it « hu" ^ ,. light -off» temperature 
exhaust temperature increases to , t uhlch catalytic 

o£ the catalyst. That is the temp ure , BPT) is the 

combustion occurs. The Balance ,~ P hy 

temperature at which the » t bur , accumulation rate » 
25 catalytic soot filter rs egual ^ to = ap par»tus of 

the filter. A lower BPT gpT' s to be achieved while 

the present invention ena, ,1 1 compone „ts. 
efficiently using platinum group ca .a y ^ ^ . 
A preferred apparatus for tre ^ ^ e 

in combination, a diesel » exhaust 
30 comprrses, m f ,,, er in communication witn 

outlet, a catalyzed falter r cation with the first 

outlet, and a second catalyst l " catalyst which 

catalyst. The catalyzed filter course ^ _ ^ 
comprises a first OTpri!eS a second cerium 

The second cataiy^ 
35 component. me dieS el 
component. apparatus comprises a die ^ 

An alternative and preferr p fUter comm unicates 

engine having an exhaust outlet A a first 

•^ the exhaust outlet. The cataiyz cerium 
with the exn platinum group metal, 

40 catalyst comprising a first p 
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component, and a f^r«^^ 

embodiment of this auer^u" 1 ™ C °™ P ° nent - * n °" P " f «"< 

communication with the a , PPar " US a «=o„d catalyst in 

' tne rirst catalyst whf.ro. *-k 

comprises a second ceriu „ co „, ponent Y the oatalyst 

The configuration of the .„ . 

Preferably, th, second catalyst f b<! v " 1 -- 

outlet and the f lr5t catal ys t slt " » °» 

can be located tot ,t ^ """" «*■ l»-t 

m - e^ent :He th L: 0 rc::r S t a i„ th ;; ataly " d fnt - 

10 separate substrate than th- * supported on a 

Honeycomb ^T^^ZT t'he"" "? " "°" 
located at the catalyzed f ilter i„ ' C,lt,1 »" =« "e 

"Iter has an axial iength extendi, / tte "'alyzed 

to a do„„stream fi lt er end and 1. a " UPSt " am " lt « — 

» -t least part of the ^Ch"^ ^ ^"^ 

second catalyst can extend f„, , upstream end. The 

and preferably. , ron a „ 7to T ?T *° ab °" 8 1 ~~ 

end. °- 5 to a °0"t 5 .nches from the upstream 

». -„sti7o7r rrrr:- r — - - — 

-elyst is located ^t^^^T' 
embodiment the second catalyst can b ""^st. In this 

substrate than the catalyzed niter „ SUPP ° rted ° n • "Parate 
substrate. Alternatively the se = 7 " "°" thr ° U5h — »«* 
» the catalyzed filter. !n this el d ^ « 

en axial i eng th extendino f ""' th * ="^«d filter has 
downstream fu ter end and the " «* to a 

least part of the axi, e„ ath f " '« -t 

oeta!yst can extend loi 72 T t dOWnStrea * * Th « 
° preferably, f rom about s t T b * """" 8 «* 

end. °- 5 t0 ab = ut 5 inches from the downstream 

™ ^-^T - - «~ catalyst 

Stoup metal component, a first ceri """""^ 3 Plati " Um 
■ "rst zirconium component CO ™ POnent a " d P«ferably a 

"teiyTn^ 3 ^^:: 31 ^:";"?" - «- 

"Iter, a preferred sec nd o^st ™ " ° £ Ch ° *°« 

cerium component and prefer ab =< " nPOSltl °" uprises a second 
component. Preferably the I V SeC °° d 5rOUP Mt « 

second catalyst composition comprises 
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. se cond *etal -de selected from alumina. — 

zi rconia, silica-alumina ^^^^ the second cerium 

In a useful second catalyst ^c p ^ ^ ^ 

component is bulK ceria having . ^ _ ^ ^ oxide 

5 about 10 mVg and the second -Ul « ^ m2/g _ The second 

naving a BET surface area of at ^ ^ a weight 

catalyst composition comprises cerxa 

ratio of from 5:95 to 95:5. ^ platinuItl 

Tne second catalyst can i * ^ group CO mponent can 

10 group metal component Osefu l sec compQnents . The 

be selected from platrnum, P* ll ^ 1UB ' preferab ly present in an 
second platinum group components P ^ _ 

^ount of from 0.1 to 200 g/ff based o th e , ^ ^ 

Wh ere the second platxnum prefer ably from 0.1 

15 component in an amount from 0.1 to * * ^ & ^ second 

to 5 g/ft>, based on ^ ^ ^ platinum component can he 
platinum group component the ^ ^ of 

present in an amount from 0.1 to 0.5 g/f 

the metal. comprises a first metal 

The first catalyst composrtron «"» J J „ sillca - 

oxide selected fro. silica, alumrna. trtama, 

alumina and ceria-zirconia . co „ DOsit ion the first cerium 

In a useful first catalyst area o£ at least 

component is bul* ceria havrn, a BE su ^ ^ 

25 ahout 10 .Vg and the first 10 mVg . Ih a first 

having a BET surface area o ^.^ . n a „ eight 

catalyst composition composes cerra 

ratio of from 5:95 to 95:5. ^ £iMt platimm 

*» Catai r„te n fu Tr t platinum group component can 

np FTWITIfl Ma 

following terms shall 
As used herein and in the claims, the folio 

have the indicated meanings. which may 

The term "gas-borne stream means g ulates an d/cr 

contain non-gaseous components such as 
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vapors, Uquid mist or dr 

"y a liquid. ' and/ ° r solid Particulates wetted 

The term "BET surface area" 
referring to the Brunauer Emmet, , "'^ """"^ ° f 

■ surface area by „, a ^ ' „ ! ""^ '« 

stated, an references herli to th ^"cally 
the second metal oxides, r thet «- ° f "»« ceria, 

area. ' ° ther component, means the BET. surface 

- ~. theta- and ^2^,^- « — 

'he term "catalytically effective' ^"""as, . 

anount of material present is ^ °» 

reaction of the oxidaH™ , 1Clent to affect the rate of 

IS treated. Id " 10 " ° f »°"«ants in the exhaust b ei„ g 

the ^LTlZ"^^::^" Sha " — temperature of 

~~ to initial J^VT e^Tt Tsl *~ 

»rth the catalyst composition W ° r 0tte r stream 

" combin^on'or ^ " ■ — • 

—sting of one or m^ " *" °~ 
silica, alumina-silica and alumina th e' ^ ^^-onia. 
are, of at least about 10 mVg and th ' ' ^ SUrfa " 

5 combination of high surface «^ ° f tte 

least 10 mVg. 3 " ria """1 °«oe being at 

combiner ( :;ti; a ::;r w r used - uh - - 

<=> the forego „ and bul k ^ «— ~ 

' combinations attained by mixture JTT 

«C and superimposed discrete lay ers o ^a f ^ - *> 

" 2 irco„i™. s tab i li 2 ed ceria- or «al "" (e > " 

-ans ceria which has been s tabili z d ^"""-stabilized ceria" 
by incorporation therein J*** 1 "-. ■••»»" thermal degradation 
As is well-known. high sur f ace 1 "?, 1 " 7 " 

ceria and activated alumin refractory oxides such as 

'thermal degradation an d Z * ^ °* - 

-iciency upon P rolo„ gt e t ^ " -alytfc 
suitable ceria-stabilization t- k 9 temperatures. a 

«^«.«« of c . z . ; ^ at e r al teChniqUe *' — ^ U.S. Patent No . 

al " 1SSUed on December 22, 1991 , the 
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disci _ o£ „ hich u ^^^r 

Patent *>. 4.71.. «4. ^ . „ mpou nd such as 

an aqueous solution of a so1 alominOT , oxyehlcrrde, 

aluminum nitrate. aluminum ^ lhe impregnated 
. aluminum acetate, etc. after drying a" 

eeria in air at a ten.pe»ture of . ... ^ inpIegn at«d 

£or a period of * to - » ^ ^ ^ efJective theImal 

into the cerxa particles 

stabilizer for the « ria - point Terap erature PBPT") is 

As indicated above th ^ achieved by t he 
th e temperature at which the » accumu lation rate in 

. catalytic soot filter is equal to 
the filter. 

. Figure lis a septic drauing of a preferred embodiment of 

P t:rVrir i = 0 "— tic vie„ in perspective of a waUflow 
"" ly F tur h e°Tirtpartial, sectional vie„ of t h e element showing 

h °" eyC F tu;:"'ls a sciatic view In perspective of , alternative 

^itSS drawing of a alternative embodiment 
25 Figure 6 is a sene 

of the present invention.. 

^^^^^^ 

^ a n f the present invention for 
Ih e apparatus and related ^metho ^ ^ ^ a5 in 

30 oxidirlng oxidiraole component of 9 ^ .„ the 

aiesel engine exhaust. will be under , ^ u- 

art by reference to the accompanying Fig 
Ascription provided in this specr ic. i on.^ ^ ^ 

The application of the «,» Typic :ally. 
35 interest for fluid streams ^ch r r: ou Ls ^ ^ 

such ,aseous streams are waste g 
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combustion exhaust, nitr^ 

exhaust g ase s and ot C IZILT" " SeS - PO "" 

Pollution and, therefore their di K * "use 
undesirable. Suc „, gaseous ,J^**"»- the atmosphere is 

5 Chants including those sele«ed, C< "" PriSed « undesirable 
mixtures thereof. ' carbonaceous materials and 

tednciT tr;::;; ^ss-^ — „ ith _ to 

» ^»ic„larl ydi e S ele„ g Ine^ a ; t ln °" ""^ 
Particulates r soot", ^ 
well- k „o»„, comprised of three ° e " 91ne eXhaUSt is > « *■ 

relatively dry soiid carhonac us ' «*• component is 

usually referred to as , volatile "* ""^ 

" " f «" d to as , soluble organ" L ° , *" Cti ° n , " V ° F "> al *° 
high molecular weight liguTd „ " ' SOF "'' is * of 

Uhhurned and ^V^'^J^'"' comprised of 
third major component is the so can w lub "<=ating oil. The 

oxidation product of sulfur in th« , , SMf ^" "hich comes from 
20 with water in the exhaust to f ! " ^ ""^ ^ '«» 

organic fraction is present ^TJ™*"**' Ite ™atile 

-por phase or , l iqui d " ' ' XhaUSt " "'her a 

t-perature of the elhaust' £ °" the 

Particulates discharged so as t """^ the total 

" G °-r™,ent regulations concernil PreSent 
Particulates, the volatile organ" , 

thereof. is oxidized to i„„o " mt ^ a portion 

— an oxidation ^"ZZZ&T * ^ 
catalyzed f ilter ca „ ofr t " , " =° ndi "ons. The 

10 increases to LI" ^^7^ " ^ ~ 

catalyst. Ihat is the ^^J/ ^"f" temperature of the 
occurs. The Bala „ ce P J" at whrch catalytic combustion 

"Hioh the soot burning ra te Th e v " " °* »"« at 

*« agual to the soot accumu.attn r at »"« 
» a« Preferred. The specific appar r " """" * ^ B " 
enable lower B PT -s tola " ™' 

oroup catalyst components. effxcrently using pmtinum 

A Preferred embodiment of ,>. 
apparatus comprising a catalvx d' ,T" t inVenti ° n P ^ ld " an 
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, first cerium component. There is a 
pl acinum group metal end a f«. ^ catalyst . The 

second catalyst in ^ compon ent . The catalyze 

second catalyst comprises a ^ ror gating diese 

filter can he «M~£* « \. 1, referred to as a soot 

, engl „e exhaust, the ^ comprising a wall < « 

£ilt er, with a pre f erre d oo^ ^ supporte a 

honeycomb substrate, me 

on a £1 ow through ^^^^^"schematically illustrated by 
A preferred embodiment is ^ engine 2 . 

l0 reference to Figure 1. ' , Th e catalyzed filter 

The apparatus comprises a cataly complising , 

, comprises a first catalyst, th component. There is 

tirst platinum group metal and a f i catalyat 6 in 

. second catalyzed element The se cond catalyst 

15 communication with the first ^^ent nlustrated 

comprises , second cerium compo e « m ^ ^ 2 
in figure 1 exhaust gas passes ft ^ ^ cataly2ed 

exhaust gas conduit 8 , ^ . action of exhaust gas 

scot filter 4. optionally, thmt e can ^ soot 

20 conduit 0 between tbe catalytic el.m.n ^ e 

-r — 

25 then into the -vironment ^ ^ soitable £U ter 

The catalyzed filter can P the £ilt er is 

sohstrate. For treating diesel engine exb^ ^ ^ 
co^only referred to as a soot 111 ^ _ 2 a „ d , 

— •r^^'^r---- - * — h 

30 The second cataiys 

hon ey=omb substrate Figure 4. ^ ^ pie£ erably. 

The configuration of the app compris in, the second 

as recited, the second cataiytic e em nt ^ ^ , 

catalyst is located between *>^»j£ £ilter 4. In tbis 

35 and the first catalyst of the * at y ^ ^ ^ sepatata 

embodiment the second cataiys can £louthrougn honeycomb 

substrate than the catered fl te ^ ^ 5 , t be 

suhstrate, Figure 4. »ternat ve ly ^ M _ thls 

40 embodiment, the cawy 
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from an upstream fUter 

S6 from the upstregm ' « 1«« p«t or toe axial length 

5 t- -bout s inches fron ^ — PreferaoI y , from about 

! Xt " d '« « I«t part o f t " Te Tk' " tSt C " aly " «- 

- — ^ ~«r^nr- - - — - 

«• "versed and elements « and 6 of Figure 

exhaust conduit 8. ,„ ,.,,< " 1 ri9ure 5 «e 

reversed a i nnn 

» « «ow through hQn comb th.„ he cata ly2a d fUter 

c a „ 5e locatM bSt1 "- «ternative ly , the seCQnd 

embodiment, th. c,t,l, Ied fm « in this 

from a „ upstream * » as a „ axial length Mt 

~=o»d cata Iy st is aocate ; d f ;;; t «"er en d . and the 

» from the downstream end . Ihe °; ec a o t nd leaS ft of the axial length 
— t 0. 25 to about 8 inch ;"7 d <=" al "« — extend f or f „„ 

s inches from the JZZ."^ 1 '- — 

In Yet another alternati, 
Rostrated in rigure - Preferred e,hodiment 

to those of „^ for' **««ers 
catal y st composition of the fir " ""—""^ events, 
«t aly2ad soot filt er «. comprises? U " fUl ^ ">* 

component, a , lrst Pr "« * '«« platinum 

z»co„i M component. Exha ™ " P " f erao ly . first 

> a pp aratU s comprises s c^r 5 " 5 « « — «9in. 2. 

4. comprises . fi^ cat , " ' ' " "» 
comprising a first platI ^' C>talytt ' ">e first catal yst 
component. ^o^,/ J^.^ ' «»* cerL 

th- catai y2ed soot P £ « a " y ; th " — «-* can he used 

embodiment iUustrat.d in ri^ ' 6 e"h t "'^ la ths 

o^se! engine 2 through exheust !U » a «os from the 

-ment ,. to c atalyJ I d ^ a. through c a te lyti c 

the astern to . xhaust ' tha " Pa " es '-m 

environment. """"^ ^ « and then into the 
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«-v,= first cerium 

component is preferably and typically J £or slut ry 

soluble salt sue. as cn- o£ at 

coatin, soot finer is bul* is . bulk metal oxide 

, ..as, about 10 - «" "f^ least about 10 mV,. ™e 

navin, a BET surface area of at ^ .„ . „ eight 

catalyst composition -^J^Lrium components are disclosed 
ratio of frc 5:« to 9S = 5 useful ^ ^ herel „ 

in 0 .s. Patent Hos . «.«^ bulk « ri „ zirconrum 

L0 incorporated by reference. ceria , and c eria compounds 

stabilised ceria. stabrU* ptaaaodymu s, 

rncludin, rare earth metal o*r e » ^ composites 0 o-form.d 

and neodymium compound. The 

uitn th . cerium component. ^ £irst plat i„um 

The first catalyst ca compr «■ grQup COTpo „ e nt can 

gr oup metal component. Osefu first P compo „ents. The 

L selected from platinum. P-»«*^ prefet ably present in an 

£irst platinum droop oomponents a " y £rom about 5 to 

^ount of from about 0.1 to ™^ , bas ed on the 

20 ISO ,/ft>. more preferably from about 1 ^ ^ ^ 

„eight of th. metal, where the platrn ^ ^ ^ 

^preferred amount of pl-nom £rom about IS to 

is £ rom about 10 to 100 ,/tt and mor P ^ group 

,5 ,/ftf for the catalyzed soo ^ ^ palladiOT compon ent 

25 met.! is palladium the pre red ^ ^ g/ft , 

based on palladium metal is fro ^ ^ catalyz . d soot 

preferably from about 25 to 150 g nen ts can be used. 

filter. Mixtures of ^^Z^^s ■ «~ ^ 
Th e first catalyst c=„po=itro ^ ^ 

30 oxide selected from silica, 

alumina and ceria-iircoma. ^ £irst cat alyst 

In tbs embodiment illustrated in ^ , a £irst cerium 

comprises a first platinum ^metal^^ „ ^ 

component and. preferably a fir cOTpt)nent s are present in 

35 embodiment the relative amounts of ^ ^.^ o£ cerla 
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g/ft 3 and preferablv f 

p» feraWy 100 9/f A: r ;; 0 r;; f y° g/t * to 1500 "« - «. 

5 k "°" n - » -tal« ed soot I" " at,dltl °- 1 «her components 

•»<■•» - d isclosed in u . s fu p t ; t r5 ; uchaikaii """h„e t a 1 

"corporate* by reference ' H °' 5 - "0-632 herein 

10 frlter. a preferred second catalyst c " " PS " ° f «« 

C ™ PO "'" t - "Penally a TT°" C °" PriSeS 3 '««« 
component. Preferably. the ^ ' PI«i»„ group 

• «=ond „etal oxide selected J^'^ co„prises 

15 In a useful second „t i c « ria -""onia . 

eo*pe„e„ t is bulk ceria ^™ c^itl™ th . second 

-bout 10 „V„ and the second metal oLd" " °' " '"at 

W„ g . B£T surface « a bulx „etal oxide 

catalyst position comprises ce r i and " ^ The 

° ratl ° ° f 5:55 to 95:5. * "" tal ° Xide ™ a weight 

The second catalyst can r™ ■ 
«oup metal co„po„e„t. ^ ^ one second platinum 

"* Sele « ed Platinum, pallad ™ d Plat1 "- "-P component can 

"cond paatinun co BP o„ t ' rh0diU " The 

" am ° Unt ° f *«- --I to 2 „o g/ft ! " a P" £ «-bly present lB an 

"-re the second .latino, °° * « «» metal, 

-mpcnent i„ an a „ ount £ P ^ » J-P ^ is . ^ 

" 3 ./re. „ore preferably frl ' ' 
Preferably from0 . ltol » , ■ to 5>, /ft , yet 

» " = useful second p,.^ [ J^J of the „etal. 

component can be present i„ a „ am L t T"'" °" """" 
O" the weight of the „etal. " °-* to »•* g/ft- baaed 

Useful second catalyst ar. „■ 
«•««.«« and 5.05,.< e3 both he re in *» *». 
Preferably, the second T?**"* - ^ 

exhaust particulates e m iss 10 „Tb " ""^"^ *" 
°t 5 a„ic fraction thereof. Th is " * 0Xldati0 " ° f tte volatile 
-terial „ hich comptis , s »^«-» - attained by . catalytic 

«»- component is « It(d V*™- Preferably, the 
selected second „etal oxides. The basic " ith °"« °* "» 

bas lc and novel characteristics 
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d catalyst »f the Preset invention are £ 
of the second catalyst rt „ £ine d combination of ceria 
reside in the use of the defi-d ^ oUlJ!t without 

preferably the second metal ox.de as thereto . »o-ever 

the addition of platinum group « ^ platlnuB gr oup metal 

, indicated above and in the catalyst, 

ents can be included as part of the 

metal oxides, ate in bul* form ^ ^ JQ „„ F or 

of at least about 10 m</„ P«'« J a „ a of £ro m 

example, the bul* ceria ma, = ^ second Be tal oxides 

to 150 »</,. The combination of ^ ^ opti o„ally. 

should have a BET surface are. of ^ 5 ^ .„ perce „t 

up to about 90 percent by -eight .J metal c xide 

b P y weight, of the total -eight otj ^ 
5 and activated alumina may be provi pre£erably 
„hich may have a BE T surface area of » ^ ^ ^ , 
at least about 20 m'/g. e.g.. as ^ ^ and 

16 „ m'/g. "hen alumina is P""™ 1 ' ^ in the amount of at least 
other metal oxide is preferably P«s ^ ^ ^ ^ 

20 about 5 percent by -eight 

present. . . . accordance with the present 

A catalyst composition in a=c ^ ^ 

invention effectively catalyze «~ reductio „ in total 

organic fraction so as to Provide -ig ^ d 

25 particulates in 

d „rabUity. that is, long lire. « ^ oliides us .d m 

art generally considers "rractory ^ ^ dispersal 

di esel oxidation catalysts to « , mere V ^ ^ group 

thereon of catalytically active m ^ , 
30 metals, m contrast, the consist ing essentially of 

second metal oxide catalytic bulfc second metal oxides 

only bul* ceria and on. « : «« « high surface area e.g., 

v,hich provides a mixture of ^ and dispersed oh . 

, „, , 0 «>/g, preferably at least effective diesel 
at least 10 m /g, f durable and erieoi. 
35 suitable carriers provides 

-^rjrtS. been found tha, . beneficial ^ arm ^ 
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platinum can be 

catalytic metal is „ ot « — benefit. Ho „ ever< ^ 

"rra-second m «al OJ( . da d *° -PPlement the action of 
Particulate enissions B ,.^« ferial in reducing * 
Palladium. does not appear ata1 "'" be it putinun 

invention may take "ement catal y sts ef 

-nouthic hone.com* stru • ««« or suhstrate, su=h 

«~ «—.... extendin, ther e th ' rou b ° d ) y hiVi "' * «-"ty of g as 
"•txn, or the catalyUc Mt ^"*» ' «to which is applied , 
•«f.™ a rea cerla and =»mprrsi„ g . aixture 

optaona lly , ~ « «*. second metal oxides 9 

20 Pa "« di -- *- Pressed r b s tra r'. ° P "°""^ platin™, ^ 
-bstrate. Ss discussed b el"„ * " " ""^ —ycomh 
«=o„d metal oxide a „ d ^'J™ -ti bg s or the ceria" 

Following is a general «»*<•»««. 
-.position which can 9 he p^ * ~tion of the catal yst 
M " C °" d ««y>t.. The ceria con! . enb ° di »«ts o, the first and 

« =«» particles and other " ™ ** an slurry 

Particles, the particles option .T"'" 5 SUCh " — oxide 
P atinum or paUadiM ^ P - y baing ^ £ 

utllrred. The slurty is J I »«al -Ponent. if one is ^ 

calcined to for . . cataT ytic ' ! " °" ""^ «^ d and 

^reon. Iypically _ materral ( 
— d with „ ater and a „ ac » - „ etal Mide ^ t 

~ anisic acid , and baU * ~ - ■acetic acid, nitric acid 

Th= optional catalytic » 7, Particle sire 

Pa"ad iM , is , „ hen a component, ..... platin ^„ 

Pajtrcles or on the metal oxide parti cl d * S P ersed »n the oeria 

- - — metal ^ - 

ll - In such 
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^ oxides and/or activated 

cases, the ceria and/or second metal ox ^ ^ 

Nomina act as both as a catalytr ^>te-ai ^ Bay be 

optional catalytic .eta! ccpon- ^ uch P 
carried out a, tec the ceria-s.cond .etal o» ating 
, is coated as a w.shcoat onto a suitable c« ^ ^ ^ ^ 
the coated carrier with a >°™™ ^r, preferably, the ceria 
followed by drying and calcrnataon ^ Howev • P ^ ^ 

particles or both the ~ f "J"^ OI palladia, catalytic 
impI .g„ated with a expound of the P ^ ^ ^ 

10 .et.l before a coatrng of the ^ ^ 

material is applied to the ^ ceria . ne tal oxide 

p la tinum or palladium .eta - ™ solufcle conpound o£ the 

catalytic material as a solution _ ceria and metal 

„etal, the solution servrng to «P«£ ^ platima „ 

„ oxide particles, which .ay """"J 1 ^ out by calcination 
palladium fixed thereon Prxrn .a be ca ^ ^ ^ 

or b y treatment with hydrogen sulfide or 

render the „etal in water-insoluble ■ particle s. 

Generally, the slurry of cerr. and impregnated wi th 

20 and activated alcina if present ^ olation , uill be deposited 
th. Platinu. or palladru. metal sal ^ ^ 

upon the carrier substrate and drred an^ ^ catalytic „.tal 
catalytic materia! ■ " J^ 1 ^ ;' llB , or palladia. compound 
compound is present, to revert P suitable pla tinu. or 

» « elemental d r" t 1 uTe in the foregoing process include 

palladium ccpounds for „ lati „u. thiocyanate, amine- 

potassiu. Platinu. chloride, ammonru. pl.t ^ 
solubilized Platinu. hydroxide ^roplatr ^ ^ 

ni trate. and palladium ch ^ « ph _ o£ use of 

30 During calcination, or at least du : 9 conve rted into the 

the catalyst, such compounds, XI Presen , 
catalyticauy active elementa meta^lts^ ^ 

" " Tftu , "ri. bulx metal oxide and. optionally, 

discrete layers of bulk ceri • discrete layers are 

35 bulK activated alumina may he employed. Thes ^ ^ ^ ^ 

applied as separate coats superrmpo on ^ ^ 

carrier. The order of app^- ^ OJcide and . 

important and each layer (of ceria ' „„ the first- 

op P tio„.lly, activated alu.in„ ™ „ outer coat or 
,0 applied or inner coat or layer, the last 
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layer or, if a fhi>-^ i 

coat. More than th J -yer or 

-terral may be repeated or two or Jre ^ t h e' ' **" "* 3 
«ay be present aa discrete lever T SeC ° nd " etal °* id " 

» -en a catalytic J* U pre/ent ""^ ™ ^ ~ 

" " hi <* * catalytic naterial i, " " " talySt ""Portion 

layers or coats of meterie! ^ c ~ " « — «««t. 

Proportions of ingredients ,„ ' " "escribed above, the 

« material per „n" vo^e o7" t", 1 ^ ^'"^ " 
accomodates the presence of du/e ^"' • " ^ 
exposition voids provided by di ff „ " ° f = atal V=t 

" «~ P—ge dimensions" e "Besses, 

"nits are used to express th CUbiC lnCh <"g/in~) 

components such as the c ri 'T^ " Pitiful 
«ams per cubic f0 ot r g / f t" ° ~*«^. 

entity of th. spar sel y u !ed 1,1, T"' t0 "» 

»• Pailadiun metal. For ^ "™ts, such as the platinu* or 
caria-second met a l oxi" cla"" T' «- 
invention generally may ' , material ° f "» P«aent 

■/I*. Preferably Jd, 'L T ^ * *»" «■<• 

carrier substrate, optionally il . ^ 9/in> ° f ^ «*»*- 

• «ably froB about o^r i l l t fT I ' g f ™ ab ° Ut 0 to 25. pref- 
Preferably from about 0 to 0 ° , "T'"™ ° to 2 °° »/* , 

Generallv t-h Palladium, 
composition of the .S^^T '"^ <° -talyst 

«abil i2 ers for the activated ^ " """""onel thermal 

1 »«. earth metal oxide S Z * " ** ••«•• 

Mgh surface area ceri, and "abilitation of 

conversion to ,ess cat yticaily 7^ t" Ph " a 

in the art aithouoh ° ^ f °™* 
*tabili 2ation of alumi „ a n ;" h ° U9 i h ' " »°t,d above, thermal 

—ice. such thermal Ui^T"' 

=arie for activ a ted alumin. „h . incorporated into th. 

Particles with, e.g., Tsolut " ** -"agnating th. 

=tabil izer metal , , or e!Iample Ut '°" ° f a SOluble compound o, th. 

caae of stabili 2ing th. ce 1 """" S ° 1Uti °" 

impregnated eerie to convert' th T ^ ™ "^"^ 'he 



PCT/US99/26037 

WO 00/29726 " 21 " 

^ 0 „t the catalyst composition 
th erein into alumina. I. ~j££-^T.»» " ^ 

o£ the present invention consists - ^ 0]liae , 

surface area ceri. and hrgh x to with 

preferabfy Present in a ^^f^egnated therein, and, 

optionally. platmum « • ^ n in beli eved to res.de 

,„d novel characteristic of this ^ ^ ^ , 

in the use o £ the =°^/tn "inclusion o£ previous metal or 

or palladium. 

The carrier (Substrate) relatively inert 

T be carrier used in this rnventxon =*° theteon . The 

„ ith respect to the catalytrc ^^i.e materials such as 

cordierite, a-alumrna 2iEco nium silicate, or of 

spodumene. — — steel. The carriers are 
refractory metals such as sta ^ ^ honeycorob or 

preferably of the type ^*""J cyli „drical body having 
20 monolithic carriers, ^'^J^ allel ,» «~ P«— 
. plurality of fine, ^"^'J both end-faces of the 
extending therethrough and «"-f"* o£ carrier . ,see figure 
oarrier to provide a up to about 700 or more 

4) such monolithic carriers may contain P ^ 
J5 „ow channels r^,,^^ Bay « from 

far fewer may be used. For examp , ^ ^ p „ 

— 1 . t ° h 60 °'c P ri-; ^hrortrriers are preferred as 
square inch ( cpsi J 

substrates for the second honeycomb 10 which has 

Fi gure 4 illustrates a flo - ^ ^ ^ e „ d and 

a plurality of channels 12 . The h Y ^ ^ „ anD 

an outlet end 16. Each £Z » through th e honeycomb 

open at the outlet srde 16. Gases P ^ ^ ^ fIom 

indicated by arrows 13 -"^^ough the channels 1,. The 
35 outlet end 16. The gases pas th ^ ^ ^ M 

channels have channel walls 20 ^ [Kittd above. 

uith a layer of cata!yst 22 «P ^ ^ 20 

Th e catalyst composite rs catalyst . Th e gases 

so that each honeycomb channel rs coate 
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Posing through the honeycomb contact the „„ 

into the catalyst surface in h ^ by diffus ing 

direction of fil. " 9 dl " ct "n Perpendicular to the 

Wallflow carripre „u ; . 
« are g enerally slmi a " '""strated in Figutes 2 a „ d , 

the function that JU^T", " """""^ carriers. wich 

«*- „ ith ^rrmn^- e - d ° f «- 

faces. Ballflo„ carrier s,,h.- . "locked at opposite end- 

deposited thereon are L ^T °" SUPP °" 

» throu gh the walls of th carr/er ' " «— 

structure, carriers " "** '° c " rl « 

catalytic filter which ac s a s a sub" ^ " T"*™" '« ^ 
- indicated above wallf" 7^?^ * — t. 
conventional filter f^- . rtlc - Le means and includes 

» cordierite. mullit ^a aZor" „ °' ^ ' W — 
conventional!, used for £ ^ ^^'""^ 
any porous material which is abl c ^ " 

Particularly high temperatures enc e environment (s) , 

"reams of interest. In the p^t " , ' *" th ' " uid 

catalysed filter is placed " h the 
stream to he treated through t h T"" ""^ di " CtS ^ flui ° 
element. Th e f luid passe tHrou 't. ^ ^ ^ « «» 

catalyst to the outlet side and e a 
catalytic f ilt ers useful fo /t he ° UtlCt - Ball »°" 

» include thin, porous-walled H P ° 5eS ° f tM ' ^"ion 

attucturesthrou/hwhirtrflu d^et v'™ 1 ^' " 
t°= 9 reat an increase of back ore " ith ° Ut c » usi "3 

article. Normally, the pr le "; 7 ~* 
create a back pressure of 1 Uall " OW ar " cl « ui " 

» articles can contain sotted chanl ^ *° " ^ Ba ""°» 
-nusoidal channels composed o ^IZT^T P *" 11 ' 1 ™- 
sneets. or parallel channels J^ T^Tj "" 
°val, trian g ular. hmgml or other T S " Uare ' """^ 
Preferably. „ all flo„ articles of this t ^ "°" " C " M '- 

« a q uare channels with between e and nn ^ CC "" PriSe! 3 » lu «lity of 
cross section, a well t M k a " nelS P * r »ch of 

and a water Ibsorp on pore' v T """"" ' M »•» ^hes. 

■ - ■ ..... -....rsrrir.u-;;, r. r 
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~* t-v,i<; invention are the 

— - - ef r: i r/;;;r s eiu h t i Ui CUla te 

variety of prior art dxesel g 4f329 ,162 is herein 

wn ich may be catalysed. U.S. Paten disclosure of 

incorporated by reference with respect 
5 suitable filter elements. invention is 

The porous vallflc ^J^J has the reon or 
catalysed in that the «» * naterial s. Catalytic 

contained therein on. or .ore cataly ^ 
materials -ay b. present on the sides , 0 r 

10 alone, tbe outlet aide aXone both the Xe ^ ^ ^ 

15 element. v i e w of a waXlfXow 

, ,„ ri 3 iliustrate a schematic view o 
Figures 2 and 3 mus plugged at the inlet 

honeycomb articXe 30. Alternate channels were pX gg ^ 
ult h inlet plugs 33 and at the »' ^ LUet 3,. a 

opp osing -^^^T^C — — «' f 
20 gas stream 42. enters tnr g channel wall , 33 to 

stopped by outlet pXug 36 and diffuses ^ thr 9 ^ ^ 

the outlet side ,6. The gas cannot ngu „ 4 , the 

„ a lls 33 because of ^ . por o U s catalyst 

inlet side 48 of wall 33 is 



inlet 
25 composition 



EXAMPLES 



Saveral examples of this -en'ion have e re-ed to 
practice in an exhaust stream in ^ «^ * ^ ocated in th e 
aoot filters with a ^^".^Z "Z. This system has 
exhaust stream between the engine undeI con «olled 

been tested and evaluated in engine tests ^ ^ 

conditions to determine performance. The samp 

results are described below. ins L . 10 ,10 liter 

T he test program was conducted usin a ^ of 
displacement, engine. This engine. MY ^ 
older bus engines, e.g.. ^Vs^ gUp-hr over the U.S. 
total particulate emissions of ca. 0.5 0 g ^ 
„D Transient Test. This engine was used to 
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Temperature (BPT) measurements on the test s * i 

of the test protocols and n, ^ " samples, a description 

follows: meth ° d ° f det --ning BPT for a sample 

1- At the beginning of the test „M-=i„ 
= the trap range for a fullv rt Pressure drop across 

delta p range sho uld b r y ei r ^ b 7; rated <"» " »*" • This 

-n,e type o, substrate „ , ** S " V " ! ' 1 teStS " *>« 

«te d power. -^7^^.^." " 
all further BPT tests Tt- < • reference point for 

X. Prior to the ^J^ZT* ~* ^ — 

Test protocol: 
2- Engine warm-up for 30 minutes. 

range."™ ^Z^t^T '~ " """" * — 
» high, then proceed „ ith t ht PI ° CedU "- » * " too 

4. Regeneration procedure- 

™„™ r/LVssaT to r- then ~ rify *»• p 

*° process. Duration o, regener t '"* " lth ^ »•»«»«<» 

history. regeneration .ay vary depending on the trap 



5 - If the delta P i s within h, d -. 

engine palters to ^ ure ' ^ °* 

Properly ( „o shift in perforce, en9l " e °™ 

2 = 6. Trap loading procedure: 

». oT^n: ^L"' 8 2100 - »ately 

long as exhaust te m p at the t"' C ° nditi ° nS "" d " 

We 1„„ - a " inl8t " mai " s «*low 600 dec P 

30 the ; n : c r r rt r r a p at th * ~* - » :„:•„; 

-unt o/ Lot ^ Thlch" iT"" ^""^ * °» 
interpr.tation o, the test results lmP ° rtant *" Pr ° P " 

»«• I» cur case at ETS , t Z^ L ^ °' ^ "* 
leading se ssion is 0 05 ' tyP1Cal ""ease of delta P during the 
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7 . .p, f.t p»<^»- incr .„e„ tal load 

He always run a BPT test 

involves preliminary definxng an anticipated 

short BPT test ^ p during the 

Duration of each loa steP - ^ 
last 6 minutes is used to calculate certain exhaust 

.egression. Each slope value corresponds to 
temperature. This gives us 5 data points. 

5 8 . Th e whole procedure starting the ^ item 3 t. £ 

performed three times. This gxves us for a 
(slope vs. temperature). 

^ ^TaTTs points t^a, ana run a linear regression 
J0 trendline. The BPT is detained at "Zero" slop.. 
Description o£ Flow-Thru Catalyst Compositions: 

» _ f 900 a /ft 3 Pt on bulk gamma- 
This catalyst was comprised of 200 g/K 

alumina (2.5 g/in 3 )• a/ft 3 Pt on bulk 

Thi s DOC 12 catalyst was composed of 5.0 

,n „/in J l Plus bulk zircoma-stabxlizen 
" ^r^^us^-lrxohan^dhetaraoUte 

gamma-alumina (0.83 g/in ) . plo 82 ft) 

30 (0.83 g/in>> Plus bulk iron-exchanged beta zeo 

T otai loading of non-Pt „ th s .„ g /£ f 

The CSF #2 soot filter substrate was soot 
Pt and 500 g/ff CeO ; . Both components were ^» 
mtet substrate via solution xmpregnatxon 



precursors . 
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500 To "Voir £i " er Pt and 

substrate via so u tio„ ^"^ *° th * ~' 

The csr »4 . "■ lnPre9natl °" 1th .1*1. Precursor,. 

» ./«■ ce h ; r,.r~ « ;:e; ataiy2ed - ith 65 - 6 ^ »» 

•oot fiiter substrate via' so^r" Wi " '° ^ 

precursors. The Pt was diltribC « , T^T^ 
soot filter substrate and t„ TV 9 uni£ °™ly over the 

- a depth Uen^To ^ ^ "V 
,0 substrate. This provided a .t-enrthea eL °' ^ 

./«. re; c :L 8 :r; /f f err; wa ; h r iy " d uith so -° — - »• 

soot fiiter substrate v'a solutio"" WI * d t0 °» 

precursors. solution impregnation with soluble 

15 .-c::i:x f :r^ caui " sd " ith -'--. - 

soot fiiter substrate "a ZlZ^T^ W1 " d "> th * 

precursors. In addition Solutlon impregnation with soluble 

of the soot il ter s^ra a te" a t " ^ * °™ - 

0 irom one face of tht s " " " ' len9th ' °' «' in "" d 

12.4 wt» Pt on subst «te. This washcoat was comprised of 

the f "ter subC;; 3 r; a r uas dep ° sited - - ~ - - 

equivalent. Thus the Mi Pt load" ' " lt>adIn9 " ^ 

The CSF 4 7 loading on the CSF was 65.6 g/ft>. 

■ -/«■ - "id" °; ft. 11 ;;; 7 h r alyzed uith 200 — - ~ 

soot filter substrate "-Ponents were applied to the 

Precursors. ™ S ° 1Uti ° n ^"gnation with solubie 

The balance point measurements were run at thr. 
the engine (1300. 1700 « 2100. and i * P ' edS °" 

used to attain different I incremental load steps were 

of conditions unLr tl t • «>is way a range 

The lower s P e eds 13 o^ ^ 

representative of bus "utv , ^ *" «" 

rated speed for the ^ ^ ^ Resents 

-crr/Lirrreir" — ^ *- «- «. 
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Table I - Diesel Soot Filter Sample Designations 



Sample 


Soot Filter 
catalvst composition 


Pt Loading 
(g/ft 3 ) 1 


Comment 


No. 

1 

2 
3 
4 
5 
6 


None 
Pt/CeO, 
Pt/CeO, 
pt/CeO 2 Zr0j 
pt/CeO 2 Zr0j 
Pt/CeO,Al,0,ZrO, 
Pt/CeOjZrO, 


0.0 
5.0 
50.0 
65.6 
50.0 
65.6 
200.0 


Uncatalyzed Soot Filter 

Pt Enriched End (4") 
Washcoated End (4") 


1 ^ 1 tT7n^Z^^^ Cordierite^l^ 
dia. x 14.0" long/100 cpsx. 
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«= tr*r\ were prepared by solution 
impregnation of the s sait (cerluIn 

of platinum 'P'-™;XI 1» -tate. "here alumins 

nitrate) and zirconium salt as zirco ^ 

„as used, it was a platinum a-alumzna slurry » Samp ^ 

,2 soot filter substrate was catalyzed wztn 5 0 „ ^ 
„«. ceo,. Both components "ere applied to 

sub strate via solution ^ ceo, and varied in Pt- 

Ex amples 2 and 3 were catalyzed »J^" ^ 1 „ ith an inpro ved 

ioadin, level. Examples 5 and 7 wer cata y ^ ^ 

formulation based on Pt, ceO, and Zrq . Th - ^ 

attributed as S.O g ,ft> ^^^^ uas conc e„trated 
substrate and the balance of the total Pt sub5trate . M1 

i„ the , ihch ^ - one e d ^ soot ^ ^ 
the Pt in Example 4 was applie ^ ^ 

, was ~ e . b" the balance' or the Pt was applied 

rrrvsrzs .v- - - ■ — — °> 

washcoat. described in 

Three flow-thru catalysts used in the test 

Table II below: 
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Table II - Flow-Thru Catalyst Sample Designat 



Sample 
No. 


Catalyst 
Composition 


Pt Loading 
(g/ft>) 


Comment 


Cat #1 
DOC #2 
DOC #3 

Note: FJ 


Pt/Al^Oj 
Pt/Al ? 0 J Ce0 2 
Pt/Al,0 3 Ce0 2 

ow-Thru Subst 


200 
5.0 
0.5 

rate, Comin 


NO to NO, Catalyst 

Diesel Oxidation Catalyst 

Diesel Oxidation Catalyst 

9 9-5" dia. x 6.0" long/300 cpsi 



in Comp #1 the first flow thru catalyst (des 

x. of a hi9h loadin5 ° f " » .w». t" 

g in ) Th T S TT ^ 9/ft ' " °" tUlk — --i- 12.1 

reported t T ^ ' — ^ -»* — been 

reported to be effective for soot burn-off and thereby ^ 

ZZTZTvZ' catalyst was placad upstraa ™ - 

» that it b 3 C ° 1 SMPle ' Ihe C ° mp » »<uired 

that rt be run on the engine „ ith ultra lo „ sulfur * 

r iMtion ° f the cataiytic n ° *> -° 

reaction by the so* „ the exhaust and as a result inhibition of 

,o ™ r '«x :; i r;;::rr ysts which are 

nn . "* lftlS DOC #2 catalyst was comprised of 5.0 g/ft' Pt 

on bulk gamma-alumina (0.83 g/in 3 ) nln* hmi, • 

:;i ia g/in ,, plus ^ri;-:™ tr™ 1 ;:*:: 

» 0 83 , ° f ««* « on bul* gamma- 

n( . (0 ' 83 g/ln ) " P lus zirconia-stabilized ceri, ,0 S3 

./»n , plus bulK iron-exchanged beta :eolite „., 2 g/iA ^ 
ioadmg of non-Pt washcoat components was 2.5 g/i„= 

Balance Point Temperature (BPT) teats were conducted on the 

30 ir t " lth Vari ° US ^ ™ + «' combinations hover BPT 

ndrcates a lower temperature at which the rat. of soot oxidation 
' SqUal t0 th = ° f ■«* accumulation due to engine exhaust 

° f ™« —i- test runs are as follows 

S^-Sl: This run evaluated the sample which consisted of the 

(SP»1) This sample configuration represented a control case and 
« consistent with the prior art. This sample „ as evaluated „i th 
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Ura loW su ifur fuel consistent with 

^ Thi s was . repeat - - *e sample of - «. - « 
the engine running on normal sulfur fuel. 

, —H CSF *S alone which was catalyzed 

^ z zzx":jl, ~- - ... .>*■• - 

sample was run using normal sulfur fuel, 
run using normal sulfur fuel. 

- f X #4 using CSF #2, but with 
«Ui- This run was a repeat « upstream o£ the 

flow-thru DOC *2 t« loading of 5.0 g/ft > ^ 
soot filter in place of DOC ,3. This sample is an 
u invention and was run using normal sulfur fuel. 

~* fav alone. This filter 
„ : This run was an « ioading ^ 

was catalyzed with Pt/CeO, as was CSF #5 
was 50.0 g/ft». This sample was run using normal 

„. This run was an evaluation of CSF #5 alone. This filter 

ES-itl: This run . form ulation consistxng of 

20 was catalyzed with an improved catalyst for, ^ 
P t/ CeC 2 /ZrC, and had a Pt loading ev el of 50,/ ^ ^ 

an example of this invention and it was 
fuel. 

~€ rqF «5 but with flow- 
^ Thi s - was also an ^^JIX^ of the soot 
" SJ"-^ an^le 'of this invention and was run 

using normal sulfur fuel. 

„ Ihi s run was an ~ 

was catalyzed by solution xmpregnatron with ^ 
30 whole filter substrate and the Pt oad ^for 

addition, a 4 inch length of one end of the s 
was catalyzed with a slurry washcoat comprised 
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of this invention it " ample 15 an example 

run using normal sulfur fuel exhaust < th * ">1«, and it 



was 



£)Utl2: This run was an evaluation of csr , 

"as catalyzed, l ike CSF #6 bv , ' ™ S " lter 

of Ft/C.O,/Zro ana having a pt ^ T^" 0 " • 

"hole filter substrate hut L addi ' "I °' ^ 9/ "' °"* 

imprecation ^ LTl t » 

loading to 65.6 g/ff Th ° sLle *° °- t0tal 

ror this run it was mould ^ th 4" " ^ 

upstream i„ the ezhaust as L inl t " • faCi " 9 

sulfur fuel. ' " " as run usi "° "ormal 



-el S.O , /ft ., runted ^strear ft ' T lMdi " 9 

sample conf iaurati on - he exha ^t. This 

- run using noTl sJTf «' " - " was 

however, r^- uas an ~ aiuati °" « - « 

run CSF #7 was mounted with its Pt or,..- v. ^ 
xn the down stream position ,as the outlet, or in '" riChed 
that used for Ex #10 Thi « , outlet) or in reverse flow of 

this invention and was l n US TL ""r""*" * « ™- of 
was run using normal sulfur fuel. 

COBJ13: This run was an evaluation of CSF «7 i 

was catalyzed with Pt/Cec,,ZrO ; lij £ " ^ 

the Pt loading level was 200 g/ft> This 7amo ' " ^ °~ 

-is invention and was run using ^ ^ ^ ™' <* 

— — - - « ^ r rat r h n r- ~- 

attached. ° " 9ra " hi « 1 "« in Figure 
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-BiSgSiTSsS" 8 """"" 



Balance Point Temperature 
(deg C) 



Test Case 
Descr iption 

Cat #1 
#1 (control) 
Cat »1 + SF 
#1 (Control 
CSF »2 

DOC #3+CSF #2 
DOC #2+CSF #2 
CSF #3 
CSF #5 

DOC 82+CSF #5 
CSF #6 

CSF #4 

DOC «2+CSF #4 
CSF #4 

(Reverse) 
CSF #7 




Comment 



Prior Art, ulS 

Fuel 
prior Art, nS 
Fuel 



pt Washcoat on 
Upstream 4 inches 
Pt concentration 
on inlet 4 inches 

Pt concentration 
on outlet 4 inches 



373 3B1 1 * J 

20 —7^1 runs made using normal sulfurjn^^^ 

unless noted. 



each run (Table III) show a trend ^ ^ ^ . n 

increasing speed. This ^ ^ and 

Figure 4. This is a general ^ rate and the 

demonstrates the effect of total exhaust . ^ ^ ^ 
particulate accumulation rate on temperature is 

configuration and volume is cons an . «i us g ^ ^ ^ 
quired for the soot ^J^^JZ**. of the examples 
, exhaust rates. Based on *^ the lo wer the BPT, the 

for the individual runs can be ranked 

better the example. exhibited very good 

I„ comp U the Comparative ^ple^Comp) ^ ^ ^ ^ 
BPT performance of 340'C, 373 C : an ^ ^ ^ sulfur 

5 KPM. respectively, changed to the normal sulfur 

fuel. When in Comp #2 the fu increased to 357°C, 417°C 

level the BPT performance suffered 
and 458°C, respectively. 
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In Comp #3 the CSF #5 with )nu Df , , 

» ther POor Performance wiCh B p"v:;/ le 4°; d „ d , :«/ /ft,) sh °- ed 

"00 RPM, respectively. The BPT for t h ° " 13 °° an ° 

a^e the maximum- e xha U st JZ'ZZ' " "°° "™ 
« CBP of this type with this Pt loadZ 1 "»•<=• • 

accepts BPT-s and passive te e„e a tl o„ " °' ^ 

lower particulate emissions level b " en9i "" »" 

emissions engine the level ^ £ «»* « «*■ older, hi g her 
probably not be acceptable . P '"°™anc. or Comp „ „ ould 

» improved performance with this type of CSF wa 

an rncrease in the Pt loading leva! IS 7 g/tt , CSF " lth 
C OT p ,6 compared tQ Comp #3 (36? „ tfft CSP „, as shom in 

These BPT-s were only sliohtlv h J ' respectively) . 

it was also ton on ^ "^^ '« °- — *™ 

" level on the soot filter ,1, " * 2 ' ThUS ' Pt l °""»9 

increasing can result in " ' "* 1 *"» t " t triable and 

In Ex „ r , Pr ° Ved BPT Performance. 

In Ex #4 the placement of DOC #3 ,n 
CSP *2 resulted in BPT-s of 359-fL , ' . ? °* 
respectively. For this con, • " 1300 and 1700 R™- 

» the maxim Um \„ g ; n r:; h :;: f t i9 r tion the bpt at 2100 b ™ - ^ 

example of Ex , co„stn u t ed «• However, the 

BPT at 1300 and 1700 R p„ ! 1DPr ° Ve, " ent ° f — 27* lower 

This example of the inventroT <° CSP " al °»e- 

Particulate matter TPM r d T **" that the total 

• -he soot b U r„i„ g -jnirrrsr^ the doc — 

achieved for this configuration of th. th * BPT' s 

and 1700 BPM were comparable „U h " , " " & " " 13 °° 

included cat #1 and u « run 0 th ° S<! ° f C ™P «. -*ich also 

^ noted that the BPT of comp 171 ^ " ^ 

-ry near the maximal exh au Tt *• 
engine. " aUSt temperature (about 460-C) of the 

BPT's achieved with thi " " , lnSt8ad °' °' 5 The 

356-C, ,03-c and « 2 - c r ""^ ° f in Ex s5 were 

better that for „'/ "^d ~" 

achieved. However, the increase Z ^ " a " 

relatively low Pt loading levels Z ™' °" °» D0C a ' "ese 

lowering the BPT. y a derate effect on 
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be achieved by Placing a DOC in Mtal loading . 

improvement can be achieved with very low P^^^ o£ the 
Furthermore, the- performance ^ lQUer 

, invention could be expected to be even 

emissions diesel engines. ^ lnvention (CSP #5) having an 
Ex #7. an example of thl S achieved BPT' s of 

improved catalyst formation ^ . 
351 . c . S.1-C and 4 " C / n B r pI P per£ormance relative to CSP »3 
„ significant improvement in BPT P S) ^ did 

(COBp ,„ which had the same Pt loading ^ ^ ^ 

not contain ,rO, The BPT s -ere «*^« ^ ^ „ 

36-C and 4°C. respectively. CSF « J (contxol) example. 

als o substantially better then the BPT 

l5 al so run on normal sulfur fuel <<~ «> tha „ that o£ the 

performance of CSP «. w. only sightly J 
comp » when run using ultra lo sulfa fu ^ 

E x #13 (CSP #7) *"* ^ „ lth . „ ioadin, level 

formulation as CSP #5 l^ 0 ''" 0 ^^ o£ 373-c, 3B4-C and 
ao of 200 ,/ftf was evaluated. Pol ; f» to CSF S s (Ex ( 7) 

413 =c, respectively, -ere obtained -J^^ ^ at 
this performance was poorer at ^ ^ , 

PPM and with ca. 20°C advantage at 21 ^ ^ 

la rge Pt loading level increase (e.g.. SO 9/ 
25 not enhance BPT performance "^^j^ uith D oC .2 (s-0 
Ex # 8, also an example of this in ^ 
pop «5 BPT's or J-i q 
g/ft') upstream of This cons tituted a further 

re spectively, were and ^ Bpr s we re lowered by 

improvement relative to CSF *b ax the 
30 ^C, 30-C and «. -spectiveiy restive to ^ ^ ^ 
combined effects of the upstream DCC and f<jr the 

the soot filter, furthermore The constituted 
configuration in Ex IS evaluated on normal 

an improvement relative to Comp Jl. ^ ^ soot 

in Ex .9 the BPT results for JSP « ^ ^ ^ 

ti lter which contained a washcoated lengthy ^ 

that was run upstream, at the inle performance was 

BPT' s of 3B1°C 401°C and 44,-C, ^™£ K ^ „. . runted 
better than that of CSP #2 (Comp »> and slight ly 

„ upstream (Ex's .4.5). However, it 
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have been due to the „ls hc J l!-^" ™ *° ' /f * ' ' Ih " 

-n, th of one end of z : £::r; h ::T:™ 4 ^ 

S porous ceramic walls OI thl „ Th " u " hc °« covered the 

»Mch likely resulted in T* ^ fllt ~ Sub «»'* 

'"-tivel/reduced 1 .i^euo ™ S *" '«» 

resulting i„ higher BPT^s °* ^ ~« 

» soot : lt , :,: i : ::rr f ° r csp#i — — • 

length or one ^ JT™ °" 4 ln = h " «* 

the inlet, rhe BPT's for this - «- "Patream, at 

«rc, respectively. Ih Ys perfoT '"^ 385 ° C 

15 Placed at the inlet or spread mor. ' 9 ^ the CSF 

" the soot fi lter substrate Tnd bt l^LT" ~ 
additional run of csr #4 ultra i "suits, m an 

«* normal sulfur f uel'and ^ £ ^ ^ *» *~ 

showing that the cSF's of th . « comparable, thus 

- — -el i. the f uel. " t " 

- in :rr:^isT::: ~~ - « - 

339-c, 378°c and 4 2 <s°c invention, gave BPT' a of 

relative to CSP „ " ' I " p * etl ™ 1 »- ™is was an improvement 
» respectively. Lthetora th "° C ' ^ 9 ° C — 

^ Bx #11 using „ormT su'lfur ~ '™ ~ °* -figuration 
«ing Ultra low sulfur fuel "-Parable with Comp «, 

> r ~ <<^^ with 

stream, at the outlet Z '\ ^ ~ < *™ 
377-c and «09-c, respectively Th " EX *" 338 * C ' 

Performance compare/to th las llTslT' " lmP ™ *» 
enriched end mounted upstream at rh , " ith Pt " 

aorprise and demonstrated th at' the ml ' "* ' ™* ~ * 

filter substrate could b P 1 '"-"' of the Pt on the soot 

distributing the Pt on th e '° P ~'°™"ce and that 

P-vided an advantage F^rth " °" 

tage. Furthermore, the performance of CSF #< 
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. -3 ^ — — — « - 

comparable with Comp #1- 
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In the claims: 

1 - An apparatus comprising: 

a diesel engine having an exhaust outlet; 

' the cltTytT^ltTZ ^ -haust outlet, 

catalyst compris^: ' ^ 3 th. first 

a first platinum group metal; and 
a first cerium component; and 
a second catalyst in communication with th* « . 
the second catalyst comprising: Cata ^ st , 
a second cerium component. 

2 - An apparatus comprising: 

a diesel engine having an exhaust outlet- 
-e ^^^^ ~— with t'he exhaust outlet, 
catalyst comprising PriSln9 9 «- 

a first platinum group metal; 

a first cerium component; and 

a first zirconium component. 



a second cerium component. 

- nr ^— . 1 - 3 — *« - «— 

catalyst. " engine ° Utlet and the 

first 

5 - The apparatus as recitert i „ ■, ■ 

catalyst is supported on a " ' Wh6rein the sec <^ 

filter. " 3 SSParate SUbst " te than the catalyzed 

}0 6. The apparatus as recite , • 

—yst is located .t^r^rj. uherein the — 

le „ g th extendi,,, fM an upstreani f uter ^ 
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5 end. 
end. 

10 . Ih e apparatus as recited in el— 1 « 3 -rein the — 
„ catalyst is located downstream of the fxrst catalyst. 

U. - states as recited in claims 
catalyst is located between the engrne outlet 
filter- 

filter. 

•«. h ,n claim 12 wherein the second 
14. The apparatus as recited in cla» 
20 catalyst is located at the catalyzed fxlter. 



30 end. 
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~.,:vr=^:::;r: ;'—.-„• --sir ~ 

20. The apparatus as recited in claims 1 or 3 wherein t-h. 



t lt a„ la . 2irconia , silica . alunina and ceria . 2irconi 1 ;;' al — • 

» o*ide h .vi ng a BEr surface area of at least ^",0 X metal 
23. The apparatus as recited in claim 22 wherein th 

~r,nrr ••»■ - ■ -■> = - = 



25 26 



g/rc based on the weight of the metal. 



27. 



to 15 g/ft based on the weight of the metal. 
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in claim 21 wherein the second 
28 . The apparatus as -" te * fco 5 g/ft . ba sed on the 

pl atinum component is in an amount from 
weight of the metal- 

h <n claim 26 wherein the second 
29 . T he apparatus as rented ^ component in an 

. • laims 1 or 3 wherein the first 
30 . „ apparatus as ^ oxid e selected irom 

catalyst composition comprises a 
siU ca. alumina, titania and ..«»■• 

laim 30 wherein the lirst 
„ 31. The apparatus as recited ™ " Mterial comprising at 
catalyst composition «^«»" £roro silica, alumina. 

— a: n :ir^:;iUca:rumina and ceria-rirconia. 

32 . The apparatus as recited in --l^the cerium 
15 component is hul, ceria having ^* ^ ^ _ ^ ^ o , ide 
ra:i:/:--acrareao t atleastahoutlOmV g . 

• 32 wherein the first 
33. The apparatus as recited u» cla ^ 
catalyst composition comprise cer.a and metal 
20 ratio of from 5:95 to 95:5. 

■+ a A* claim 30 wherein the second 
3 «. T he ■PP»-- n :; t ^r;i e ct e a £ rL Platinum, palladium, and 
platinum group component is seie 
rhodium components. 

i < m 34 wherein the second 
». The apparatus as "^J™^ or £ rom 0.1 to 
25 platinum group components are present 1 

2 00 g/ft' based on the weight o£ the metal. 

1 or 3 wherein the 

36. The apparatus as « cit -\^ hone ycomb substrate, 

catalyzed soot filter comprxses a 

i or 3 wherein the second 
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38. An apparatus comprising- 

^ a first platinum group metal; and 

a first cerium component; and 
a second catalyst in communication with the fl > , 
the second catalyst comprising: " Catal * st ' 

a second cerium component. 
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